M
alignant fibrous histiocytoma (MFH) is the most common soft-tissue sarcoma in adults, accounting for 20%-30% of all soft-tissue sarcomas. [1] [2] [3] It was first recognized as a distinct clinicopathologic entity in the early 1960s as a pleomorphic sarcoma that contains both fibroblastic and histiocytic cells in varying proportions, arranged in a storiform pattern. [4] [5] [6] In addition to soft tissue, the tumor has been reported to occur in virtually every part of the body, including bone, viscera, and skin. 2, 7 Despite this ubiquity, however, MFH remains relatively uncommon in the head and neck region, accounting for 3%-10% of all cases. 8, 9 To our knowledge, except in a limited number of case reports, [10] [11] [12] [13] most of the previous reports on MFH of the head and neck focused on the clinicopathologic features, 8, 9, [14] [15] [16] and the imaging features were not the major concern. The purpose of this study was to investigate the CT and MR imaging features of 13 cases of MFH arising in various locations of the head and neck.
Materials and Methods

Patients
The institutional review board approved this retrospective study.
We reviewed CT (n ϭ 11) and MR (n ϭ 9) images obtained from 13 patients with histologically proved MFH in the head and neck. The patients were recruited after a review of medical records from 3 tertiary referral academic centers during the past 10 years. There were 9 men and 4 women, 24 -65 years of age, with a mean age of 45 years. Seven patients underwent both CT and MR imaging examinations.
Ten patients presented with a palpable mass or swelling of the face and neck, and 3 patients, with nasal obstruction, which had first been noticed 1 month to 3 years before (mean, 4.5 months). Three patients also had pain. All patients denied a history of previous irradiation, trauma, or surgery at the tumor sites. The histologic subtype could be established in 12 of 13 tumors, including 7 storiform-pleomorphic types, 2 myxoid types, 2 inflammatory types, and 1 mixed form of storiform-pleomorphic and myxoid types.
Imaging Techniques
CT scanning was performed in 11 patients, and MR imaging, in 9 patients. Seven patients underwent both CT and MR imaging examinations. CT scans were obtained in the axial plane by using various models of a helical CT scanner with 2.5-to 3.75-mm section thicknesses. In 9 patients, CT scans after the intravenous administration of iodinated contrast material were available for review; of these 9, precontrast CT scans were also available in 6. In the remaining 2 patients, CT scans were obtained without the use of contrast material.
MR imaging examinations were performed on a 1.5T (n ϭ 8; Signa Advantage, GE Healthcare, Milwaukee, Wis) or a 3T (n ϭ 1; Intera Achieva, Philips Medical Systems, Best, the Netherlands) scanner by using a head or neurovascular coil. In all patients, precontrast T1-weighted spin-echo images (TR/TE/NEX, 400 -560 ms/10 -14 ms/2) and T2-weighted fast spin-echo images (TR/TE/NEX, 2500 -4500 ms/80 -110 ms/1) with or without fat saturation were obtained, followed by contrast-enhanced T1-weighted spin-echo images with or without fat saturation after the intravenous injection of 0.1 mmol/kg of gadopentetate dimeglumine. Images were obtained in at least 2 planes with 3-to 4-mm section thickness, 0-to 0.4-mm intersection gap, 256 ϫ 192 matrix, and 22-cm FOV.
Image Analysis
Two experienced head and neck radiologists (with clinical experience of 18 and 9 years) retrospectively reviewed all of the CT and MR images for consensus. We investigated the CT and MR imaging characteristics with emphasis on the location and extent, size, margin, internal architecture, and pattern and degree of enhancement of the lesion. The size of the lesion was measured at its greatest diameter. The margin of the lesion was classified as well-defined and ill-defined. As for internal architecture, we compared the attenuation of the lesion on precontrast CT scans with that of the adjacent muscle. The signal intensity of the lesion on T1-and T2-weighted MR images was compared with that of the cerebral cortex. The presence of any calcification within the lesion determined on precontrast CT scans was also recorded. On postcontrast CT and MR images, the pattern of enhancement at the solid portions of the lesion was categorized as homogeneous or heterogeneous. The degree of enhancement was subjectively assessed as being mild, moderate, and marked. We also investigated any differences in signal-intensity characteristics on MR images according to the different histologic subtypes.
Results
The CT and MR imaging features of 13 cases of MFH of the head and neck are summarized in the Table. All lesions were seen as well-defined (n ϭ 2) or ill-defined (n ϭ 11) aggressive soft-tissue masses in various locations of the head and neck, ranging in size from 2.5 to 7.8 cm (mean, 4.9 cm). The centers of the lesions appeared to be the sinonasal tract in 6 cases (46%), including the maxillary sinus (n ϭ 4; Fig 1) and the nasal cavity (n ϭ 2); the soft tissue of the face and neck in 5 cases (38%), including the masticator space (n ϭ 2; Fig 2) , the anterior cheek (n ϭ 1; Fig 3) , the infraparotid lateral neck (n ϭ 1), and the poststyloid parapharyngeal space (n ϭ 1); and the oral cavity involving the upper anterior gingiva in 1 case (8%). The remaining lesion (8%) was thought to arise from the orbital roof (Fig 4) . In this case, there was radiographic evidence of fibrous dysplasia in the background cranial bones on CT and MR images. All of the lesions, except 1 in the oral cavity, invaded the adjacent soft tissues of the face and neck, 1 of which also extended into the intracranial cavity. Eleven lesions including all of 6 sinonasal lesions and 1 orbital roof lesion were accompanied by bone destruction.
Compared with the adjacent muscle, the attenuation of the lesion seen on precontrast CT scans obtained in 8 patients was isoattenuated in 4, hypoattenuated in 2, and mixed isoattenuated and hypoattenuated in 2. There was 1 case showing intratumoral calcifications on precontrast CT scans (Fig 2A) . Compared with the cerebral cortex, the signal intensity of 9 lesions examined by MR imaging varied as homogeneous isointensity in 4, heterogeneous isointensity with hyper-and/or hypointensity in 4, and homogeneous hypointensity in 1 on T1-weighted images. T2-weighted images showed heterogeneous isointensity with hyper-and/or hypointensity in 7 and homogeneous hyperintensity in 2. On postcontrast CT and MR images, there was homogeneous (n ϭ 2) or heterogeneous (n ϭ 7) moderate-to-marked enhancement in 9 and heterogeneous mild-to-moderate enhancement in 4 at the solid portion of the lesions. Various portions of no enhancement, probably representing intratumoral necrosis or hemorrhage, were found in 11 lesions.
Of the 12 lesions whose histologic subtypes could be classified, MR imaging was performed in 8, including 5 storiformpleomorphic types, 2 inflammatory types, and 1 myxoid type.
Except for the myxoid type, which demonstrated homogeneous marked hyperintensity on T2-weighted images and homogeneous marked enhancement on contrast-enhanced images (Fig 3) , there was little difference in signal-intensity characteristics between the storiform-pleomorphic and inflammatory types on MR images.
Discussion
The term "MFH" or "pleomorphic sarcoma" was first introduced in the early 1960s to refer to a group of soft-tissue tumors, characterized by a storiform or cartwheel-like growth pattern.
2,4-6 The histogenesis of this tumor still remains controversial. Once thought of as a tumor of a histiocytic origin, recent advances of immunohistochemistry and numerous monoclonal antibodies demonstrated a closer phenotypic link with the fibroblasts, myofibroblasts, or undifferentiated mesenchymal cells. 2, 3 Because of common complex nonuniform cytogenetic aberrations as well as the pleomorphic nature of the tumor, many lesions diagnosed as MFH might eventually prove to be lineage-specific sarcomas, and the reported incidence of the tumors that remain unclassified even after rigorous evaluation has been 20%-70%. 2, 17 Histopathologically, MFH can be divided into the following 4 morphologic subtypes in decreasing order, depending on the predominant cellular components: storiform-pleomorphic (50%-60%), myxoid (25%), giant cell (5%-10%), and inflammatory (Ͻ 5%), some of which have prognostic significance. 2, 3, 12, 18 The myxoid variant has better prognosis compared with the storiform-pleomorphic type. It is not unusual for several morphologic patterns to be observed within 1 lesion. 12 Clinically, patients with MFH usually present with an enlarging, painless, solid soft-tissue mass, most frequently in the lower extremity followed by the upper extremity and the retroperitoneum. 2, 3 Most patients are between 50 and 70 years of age, and men are affected 2-3 times as commonly as women. Retroperitoneal tumors are often larger than extremity lesions, whereas subcutaneous tumors are smaller. 2, 3 Wide local excision with negative margins is considered the treatment of choice for MFH. Postoperative radiation therapy is reported to improve local control. The overall 5-year survival rate of MFH has been reported to be 58%-77%. 16, 19, 20 Tumor grade, size, depth, histologic subtype, and distant metastases at initial presentation seem to be the important prognostic factors for MFH. 2, 19 The tumor has a local recurrence rate of 19%-31% and a metastatic rate of 31%-35%. The common metastatic sites are the lung (90%), bone (8%), and liver (1%). 2 The incidence of regional lymph node metastasis is relatively low, varying between 4% and 17%. 2 The head and neck region is an uncommon site for MFH, where 3%-10% of all MFHs occur. 8, 9 In the head and neck, MFH has been reported to involve the nasal cavity and paranasal sinuses most frequently, accounting for 30% of all cases. 8, 9, 16 Of the sinonasal tract, it occurs most commonly in the maxillary sinus, followed by the ethmoid sinus, nasal cavity, sphenoid sinus, and frontal sinus. 9 Other reported sites involved in the head and neck include the craniofacial bones (15%-25%), larynx (10%-15%), soft tissue of the neck (10%-15%), major salivary gland (5%-15%), oral cavity (5%-15%), pharynx, ear, and eyelid. 8, 9, 13 As in the extremities, the sto- Note:-BD indicates associated bone destruction; T1WI, T1-weighted imaging; T2WI, T2-weighted imaging; MFH, malignant fibrous histiocytoma.
* Size was denoted as greatest diameter; density of the lesion was compared with that of the adjacent muscle; signal intensity of the lesion was compared with that of the cerebral cortex.
riform-pleomorphic type is the most common subtype, followed by the myxoid type. 16 In general, head and neck MFH is reported to be associated with a poorer prognosis, compared with MFH elsewhere in the body. It poses a great challenge to surgeons due to the anatomic and functional complexity of the head and neck. Inadequate removal of the tumor is associated with a high recurrence rate of 20%-42%. Systemic metastases are also common, reported in 25%-35%. 8, 9 Recently, Sabesan et al 16 reported a 48% 5-year survival rate for MFH of the head and neck, which is much lower than 77% for MFH of the trunk and extremities. Tumors that extend into bony structures are associated with a much more aggressive clinical course than those that are restricted to soft tissues. 15 Because the reported frequency of nodal metastases for head and neck MFH varies between 0% and 15%, elective neck dissection is usually not Axial MR images show a large ill-defined mass in the right maxillary sinus, which causes destruction of the sinus walls, extending into the anterior cheek and retromaxillary fat. A and B, Compared with the adjacent muscle, the signal intensity of the mass is mixed isointense and slightly hypointense on the T1-weighted image (A) and mixed hyperintense, isointense, and hypointense on the T2-weighted image (B). C, On the contrast-enhanced T1-weighted image, there is moderate heterogeneous enhancement at the periphery of the mass with the central areas remaining unenhanced. Also note that the mass invades the nasolacrimal duct, which is enlarged and filled with fluid (arrow in B).
Fig 2.
Case 7. MFH of the lateral cheek in a 57-year-old man. A, Precontrast axial CT scan shows a large ill-defined soft-tissue mass involving the left masticator space with extension to the skin. The mass is isoattenuated to the adjacent muscle and contains several coarse and irregular calcifications peripherally (arrows). Postcontrast CT scans demonstrated marked heterogeneous enhancement within the mass (data not shown). B, Compared with the cerebral cortex, the signal intensity of the mass is mixed isointense and hyperintense on the axial fat-suppressed T2-weighted MR image. T1-weighted images demonstrated homogeneous isointense signal intensity of the mass (data not shown). C, On the contrast-enhanced axial fat-suppressed T1-weighted MR image, there is marked heterogeneous enhancement within the mass. Also note the involvement of the zygoma by the mass (arrows). performed; it is performed only when there is clinical, histologic, or radiologic evidence of metastases. 8, 9, 15 The results of our study are in accord with those of others. The sinonasal tract was the most common site of origin (46% in our study), followed by the soft tissue of the face and neck (38%), the oral cavity (8%), and the craniofacial bones (8%). The occurrence was primarily in middle-aged adults (mean, 45 years) with men affected more frequently than women (9: 4). Our study also revealed that MFH of the head and neck is an aggressive neoplasm with frequent soft-tissue invasion (n ϭ 12) and bone destruction (n ϭ 11). There was no evidence of perineural tumor spread on the imaging studies.
Although the imaging studies were very helpful for surgical planning by adequate demonstration of the tumor extent, the specific radiologic diagnosis was difficult to make because most of the tumors in this study showed nonspecific varyingattenuation, signal intensity, and enhancement on CT and MR images. The reported CT and MR imaging features of MFH have also been nonspecific. 3, 18, [21] [22] [23] On CT scans, MFH is usually seen as a large lobulated soft-tissue mass, which is isoattenuated to muscle. Calcification or ossification can be detected in 5%-20%. The center of the lesion often has diminished attenuation due to necrosis, hemorrhage, or myxoid material. 3, 18, 22 On MR images, MFH is typically seen as a mass that is isointense to muscle on T1-weighted images and heterogeneously hyperintense on T2-weighted images. 3, 18, [21] [22] [23] MR images often show heterogeneous signal intensity on all pulse sequences, reflecting the complex histologic components of the tumor. This histologic complexity can be displayed best on T2-weighted images; whereas the areas of abundant fibrous tissue appear hypointense, those of abundant myxoid stroma appear hyperintense. 3, 21 Spontaneous hemorrhage is not infrequent. It is occasionally accompanied by fluid-fluid levels, and is seen as areas of time-dependent varying signal intensity on MR images. Sometimes those hemorrhagic areas are so extensive as to obscure the underlying neoplasm. 3, 21 Variable heterogeneous enhancement of solid components of the tumor, usually nodular and peripheral, is seen on contrast-enhanced CT and MR images. 3, 18 In general, the signal-intensity characteristics of MR imaging according to various histologic subtypes were not different in our study. However, the myxoid type demonstrated rather characteristic signal intensity on MR images-that is, homogeneous marked hyperintensity on T2-weighted images and homogeneous marked enhancement on contrast-enhanced images (Fig 3) . Myxoid MFH is usually seen as a mass with signal intensity similar to that of fluid on T1-and T2-weighted images due to the high water content. 3 After administration of contrast material, there is often nodular and peripheral enhancement of the nonmyxomatous more cellular regions. 3, 22 Sometimes, as in our cases, the myxoid tissue is more vascular and shows a higher degree of cellularity, resulting in a more homogeneous soft-tissue mass with diffuse contrast enhancement on MR images. 3 Other soft-tissue neoplasms with a myxoid appearance include myxoid liposarcoma, myxoid chondrosarcoma, myxoid leiomyosarcoma, neurogenic tumor, and myxoma. 3, 22 Most interesting in our study, 1 case of MFH demonstrated radiographic evidence of fibrous dysplasia in the background cranial bones. Although rare, fibrous dysplasia is known for the potential for malignant change, with the estimated frequency of 0.5% for monostotic type and 4% for McCuneAlbright syndrome. 24 The associated sarcomas include osteosarcoma, fibrosarcoma, chondrosarcoma, and MFH. Early diagnosis of an associated malignancy with cross-sectional imaging gives a better chance for a cure. 24 MFH has also been reported to occur secondary to irradiation, trauma, Paget disease, osteonecrosis, chronic osteomyelitis, and benign bone tumors such as enchondroma and giant cell tumor. 10, 22, 23, 25 Compared with the tumors that arise de novo, secondary MFHs are reported to be more aggressive with a poorer prognosis. 8, 22, 24 Head and neck MFH can be confused with a variety of fibrous tumors and inflammatory conditions, including neurilemmoma, fibromatosis, premature sarcoma, hemangiopericytoma, granuloma, nodular fasciitis, malignant mesenchymal tumor, myoblastoma, fat necrosis, Langerhans cell histiocytosis, pleomorphic rhabdomyosarcoma, and fibrosarcoma. 14 
Conclusions
Although rare, MFH is an aggressive tumor that arises in various locations of the head and neck, most commonly the sinonasal tract. It is frequently associated with soft-tissue inva- The adjacent cranial bones demonstrate a diffuse ground-glass appearance, typical of fibrous dysplasia (asterisk). B and C, On the axial MR images, the lesion is seen as a large ill-defined mass extending to the anterior face. Compared with the adjacent muscle, the signal intensity of the mass is mixed isointense and hyperintense on the T2-weighted image (B). T1-weighted images demonstrated isointense signal intensity of the mass (data not shown). On the contrast-enhanced T1-weighted image (C), there is mild-to-moderate heterogeneous enhancement at the periphery of the mass with the central areas remaining unenhanced. The background bone with fibrous dysplasia is markedly hypointense on the T2-weighted image and enhances heterogeneously after administration of contrast material (asterisks).
sion and bone destruction on CT and MR images. Although the imaging findings are rather nonspecific, CT and MR imaging studies are essential for preoperative staging and surgical planning in patients with MFH of the head and neck.
